The context of first drug injection and its association with ongoing injecting practices and HCV (hepatitis C virus) 
Introduction
Globally, drug abuse is of major concern, affecting about 3% of the world population. As of late 2003, the population of injection drug users (IDUs) was estimated at 13.2 million (about 0.3% of adult inhabitants) worldwide 1 .
Injection drug users play a key role in hepatitis C virus (HCV ) infection epidemiology and are associated with up to 90% of reported hepatitis C cases in many countries 2, 3 . Drug injectors are frequently engaged in risky behaviors such as sharing needles/syringes and other injection paraphernalia 4, 5, 6 , favoring rapid and extensive HCV spread throughout IDUs networks. Accordingly, high HCV infection prevalence rates (65-98%) have been reported in different contexts 7, 8, 9, 10 . Recently, a declining prevalence of blood-borne pathogens has been described among IDUs in some contexts, such as the United States, Spain, and Brazil 11, 12, 13, 14 . Despite such auspicious findings, the prevalence of HCV infection remains unacceptably high.
Hepatitis C virus infection appears to occur early in the drug injection "career". Previous reports show that HCV seroconversion takes place within a period of a few months to about 3 years since the first drug injection 6, 15 . Hence, early preventive interventions should target beginners, as young and/or new (short-term) injectors. Some authors suggest that circum-stances, behaviors, and practices observed at the first injection are critical and may be reproduced along their "drug injection careers". However, literature on this matter has been scarce worldwide 10, 16, 17, 18, 19 and absent in Brazil.
In the present study, the context and behaviors at the first injection and its putative relationship with subsequent injecting practices were explored, as well as the association between such behaviors and HCV infection among young injectors. The prevalence and predictors of HCV infection among active IDUs were also discussed.
This information is pivotal to implement preventive strategies directed to young drug users who have not started to inject and/or to prevent harmful practices among those commencing to inject. In the absence of an immunopreventive alternative (to date, no vaccine has been developed against hepatitis C), health interventions against HCV infection rely basically on the prompt identification of vulnerable populations and the effort to change their behaviors toward safer ones.
This study is part of the WHO Drug Injection Study Phase II, a multi-city study of injecting drug use carried out in cities from Argentina, Brazil (3 sites), Belarus, China, Colombia, Iran, Kenya, Malaysia, Nigeria, Russian Federation, Ukraine, Vietnam, Bangkok, and the United States (New York). The study was designed to provide policy-and decision-makers with comprehensive and reliable information for intervention development on injecting drug use and its health consequences by conducting rapid assessments linked with behavioral and seroprevalence (HIV, hepatitis B and C) surveys among injection drug users.
Subjects and methods

Population
From October 1999 to December 2001, 606 IDUs were recruited from "drug scenes" (public places, nightclubs, and bars) in different areas of Rio de Janeiro, Brazil. The targeted communities were defined after a comprehensive effort of interviewing key informants and drug users from different communities using indepth interviews and focus groups, according to World Health Organization (WHO) guidelines, after Watters & Biernacki's 20 original contribution on targeted sampling procedures.
The field work was coordinated by the Syringe-exchange Program (SEP) at the Center for Research on Care for Drug Use at the Universidade do Estado do Rio de Janeiro (NEPAD/ UERJ), drawing on the expertise and experience of a team of outreach workers. A mobile unit (van) was used to recruit volunteers and transport them back and forth from the SEP assessment center.
A concentrated effort was made to recruit individuals representing the diversity of Rio de Janeiro's social geography. No drug users were recruited from drug treatment centers, but the sample included a small proportion (17%) of interviewees engaged in drug treatment programs for less than one month, as defined by the study inclusion criteria. Among the drug users with a history of drug injection, 272 (44.9%) reported having injected at least once in the previous 6 months -defined, for the purpose of the present study, as "active IDUs" -, while 334 (55.1%) reported no injection of illicit drugs in the previous 6 months, defined here as "former IDUs".
Ethical aspects and survey and laboratory procedures
The study was approved by the Institutional Review Board of the Fundação Oswaldo Cruz. After reading and signing the informed consent form, IDUs were interviewed by a physician or psychologist from the SEP staff, using a structured questionnaire developed and piloted by the WHO collaborative group. The different sections of the questionnaire address socio-demographic information, drug use and sexual habits, drug injection-related risks and harms, and socio-medical history (including assessment of violence and overdoses). Socio-demographic, behavioral, and laboratory data were entered into an electronic form, written in Epi Info 6.2 (Centers for Disease Control and Prevention, Atlanta, USA), developed by the Brazilian team according to WHO master codes and electronic framework. Univariate, bivariate, and multivariate automatic and manual checks were performed to maximize data accuracy and consistency.
After the interview, blood samples were drawn and tested for viral hepatitis (B and C) and HIV at the National Reference Laboratory for Viral Hepatitis and at the AIDS and Molecular Immunology Laboratory, Fundação Oswaldo Cruz, respectively. All interviewees received pre-and post-test counseling. Hepatitis C virus-RNA positive IDUs were referred to the network of public reference hospitals for hepatitis C in Rio de Janeiro for further clinical evaluation and follow-up. HBV vaccination was available at no cost for those who agreed to be vaccinated.
Hepatitis C infection was defined as the presence of HCV antibodies, detected by a commercial immunoassay (UBI HCV EIA 4.0, Beijing United Biomedical Co., Beijing, China). Initially reactive samples were retested in duplicate. Final results were given based on the concordance between at least two of the three replicates. HCV-positive samples were further submitted to HCV-RNA detection by nested polymerase chain reaction, and HCV genotyping was performed by restriction fragment length polymorphism analysis, as described elsewhere 21 . All samples were also tested for HBV serological markers and HIV infection 13, 22 . However, the latter information was not included in the present article.
Definitions
For the sake of the present study, "sharing of needles/syringes", was defined as someone using syringes and/or needles together with or after someone else has used them. "Duration of the injection career" was defined as the age of the interviewee at the interview date (or, in the case of former IDUs, the age of last drug injection) minus his/her age at the first injection. "First injector" was defined as the subject who executed the first drug injection, either the interviewee himself/herself or someone who injected him/her. "Exchanging of second-hand injection paraphernalia" was defined as giving, lending, renting, or selling used needles and syringes or related materials to someone else. "Front and/or backloading" were defined as splitting drugs prepared in one recipient with subsequent transfer of prepared drug from one syringe to a second syringe, via the front of the recipient syringe ("frontloading") or the back of the recipient syringe, after removing the plunger ("backloading"). IDUs aged less than 30 years were considered "young injectors".
Data analysis
Descriptive analyses of socio-demographic data, behavioral variables at the first and most recent drug injections (last 6 months) were carried out. Contingency table statistics (chi-square and Fisher's exact test and t-test for means) were employed to assess putative associations between variables related to the first injection and: (a) ongoing injection behaviors among active IDUs (n = 272); and (b) HCV infection among young injectors (n = 292). The McNemar test was used to explore changes in sharing of needles/syringes between the first and most recent drug injections. In this analysis,
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only IDUs who injected for more than one year were included, in order to avoid "contamination" of information relative to the first and most recent injections.
Bivariate associations between HCV infection and socio-demographic and behavioral variables were also investigated among active IDUs. Multiple logistic regressions were carried out, considering all variables of epidemiological relevance and plausibility which were significant at the level of p < 0.05 in bivariate analyses. Colinearity and interaction between selected covariates (e.g. age, age at first injection, duration of injection drug use) was explored with the inclusion of interaction terms in multivariate models.
Results
Socio-demographic data
The socio-demographic profile of the 606 IDUs (comprising both active and former IDUs) enrolled in the study is shown in Table 1 . Injection drug users investigated here belong to lower socio-cultural and economical strata. Most are single and about two-thirds are dependent on others for a place to live. Despite this unfavorable profile, only 2.6% of subjects reported illegal activities -such as drug dealing and prostitution -as a source of income. In contrast, probably due to the illegality of drug use itself, half of the interviewees reported to have been in prison at least once in their lifetime. Among those who injected while imprisoned (n = 66), 70.3% shared syringes and/or needles. Table 2 summarizes the context, behaviors, and practices at the first drug injection. Interviewees started to use illicit drugs in early youth (16.6 ± 4.1 years). In the 30 days prior to the transition to injecting drug use (which was reported to have occurred a few years later), most novice injectors reported weekly use of the same drug by a non-injecting route of selfadministration.
Context and behaviors at the first injection of illicit drugs
Cocaine was the drug of choice for debuting IDUs (89.9%), followed by amphetamines (6.4%). Injection of cocaine with miscellanea of other injection drugs (i.e. speedball, or cocaine + heroin, or the combined use of cocaine with amphetamines or tranquilizers), or single use of other drugs (heroin, tranquilizers, and others) were rarely mentioned. More than half (60%) of beginners purchased the drug themselves or gave money to someone else to buy for them. Half of the interviewees (50.7%) mentioned that the first injection took place in public places, such as schools, universities, club, bars, shelters, streets, and parks and that they had been injected first by a male friend, sex partner, or relative. These figures could possibly explain the high frequency of sharing of needles/syringes (51.3%) reported at the first drug injection.
About a third of subjects (31.8%) reported having initiated a mean of 2.7 (± 3.3) other subjects into injecting drugs.
Ongoing injection practices and sharing behaviors among active IDUs
Information related to ongoing injection practices and equipment-sharing behaviors among the 272 active IDUs is shown in Table 3 . Most IDUs were males (93.8%), aged 30.1 ± 9.5 years. Mean duration of the injecting career was 9.2 (± 8.9) years. A total of 270 individuals answered the question on main modality of drug intake. Non-injecting drug use was reported as the main route by 210 subjects (77.8%), whereas injection was mentioned as the principal route of drug self-administration by 36 subjects (13.3%). The remaining group (8.9%) reported using both routes, with no clear preference. Cocaine was injected by virtually all IDUs (97.4%). Other drugs were only injected occasionally: methamphetamines (5.1%), heroin (2.9%), crushed crack (2.2%), LSD (1.8%), and speedball (1.1%). Finally, 82.7% of subjects reported use of marijuana or hashish in the previous 6 months.
Direct and indirect sharing of injection paraphernalia was highly prevalent. Among the 257 subjects who had injected for at least one year, 118 (45.9%) reported having shared injection paraphernalia at the first injection, whereas 92 (35.8%) reported currently sharing needles/syringes. "Difficulty in obtaining needles" was the most frequently mentioned (78.2%) reason for sharing injection equipment at the baseline interview. A few interviewees (10.9%) reported sharing injection paraphernalia based on "careful choice of sharing partners". Different modalities of syringe-mediated (indirect) drug sharing, as described by Grund et al. 23 , were also reported by the interviewees. Drawing up the dissolved drug from a solution shared by others (61%) and sharing of injecting paraphernalia like cotton and filters (47.8%) were recurrently reported modalities of indirect sharing.
Association of sharing of needles/ syringes at the first injection and ongoing sharing practices Injection drug users who had shared their injection equipment at the first injection were more likely to reproduce this practice over the course of their injection career than those who had injected with new syringes (58.5% versus 16.5%; p = 0.003). Likewise, current frequencies of indirect drug sharing were significantly higher among those who had shared needles/syringes at the first injection, compared to their counterparts (Table 4) . 
Continuous variables mean (± SD)
Age (years) 32.2 (9.8) * Due to missing information, some totals do not reach 100%; ** In the previous 6 months; *** Roughly equivalent to US$90.00; # Among the 66 interviewees who reported having shared while imprisoned.
Prevalence and predictors of HCV infection
Overall, prevalence of HCV infection was 16.8%, and there was a significant association between HCV and "younger age at first drug injection" (p = 0.038). A relatively low prevalence of HCV infection was found (4%) in young injectors, but those who reported having shared needles/syringes at the first injection were four times more likely to be HCV-positive (OR = 3.9) as compared to who had begun injecting with new (sterile) needles/syringes (Table 4) . HCV infection was found in 11% (30) of active IDUs and was significantly associated with "prison history" (ever; OR = 4.0; 95%CI: 1.7-9.4; p = 0.001); "daily frequency of injecting drug use" (OR = 8.8; 95%CI: 2.1-37.6; p = 0.007); "older age" (p < 0.001), and "longer duration of IDU career" (p < 0.001) in bivariate analyses.
After multiple logistic regression (final model χ 2 = 44.2; p < 0.001), "prison history" (adjusted OR = 3.0; 95%CI: 1.2-7.5) and "longer duration of injecting drug use" (adjusted OR = 1.1; 95%CI: 1.0-1.2) remained as independent predictors of HCV infection among active IDUs.
Discussion
This study was the first to assess the circumstances, behaviors, and practices surrounding the first drug injection and their possible association with ongoing injecting practices in the Brazilian context. This is pivotal information to prevent or delay transitions from non-injecting to injecting drug use and to implement effective harm reduction policies and interventions.
The study presents some limitations. First, despite efforts to make the sample broadly representative of the diversity in Rio de Janeiro's drug scenes, the findings cannot be extrapolated to other IDUs populations. Second, HCV prevalence was lower than expected (based on estimates from previous studies), and the small number of HCV-infected young injectors precluded multivariate analyses. Finally, the survey was not designed primarily to investigate the context and behaviors at the first drug injection.
As one of the main illicit drugs consumed in various Brazilian contexts 24, 25, 26 , cocaine was the drug of choice for the first injection among our interviewees and remains the most frequently injected drug, corroborating previous Brazilian findings from Rio de Janeiro 9 , Santos (São Paulo) 27 , and Porto Alegre (Rio Grande do Sul) 28, 29 .
Dunn & Laranjeira 30 reported that 74% of cocaine users underwent at least one transition in the routes of drug administration, half of which in the first three years after initiation into cocaine abuse. Roughly one-fifth of cocaine snorters shifted to injecting cocaine (with a median interval of 12 months), whereas only 6% of injectors reverted to snorting.
Worldwide, drug injection begins at a relatively young age 10, 30, 31 , but most subjects report a time lag between previous non-injecting use of illicit drugs and current injection 16, 30 . Sharing of needles and syringes at first injection*** 299 51.3
Continuous variables mean (± SD)
Age at first drug use (years) 16.6 (4.1)
Age at first injection (years) 19.5 (5.4) * Thirty days before the first injection; ** N = 478; *** N = 583.
Therefore, preventive strategies focused on this period could avert the transition from non-injecting to injecting routes 32 and reduce the incidence of blood-borne infections 33, 34 . For most IDUs, the first injector was a friend or male sex partner, with the latter a key element in the initiation of female injectors 16, 18, 19, 35 . The role of IDUs sex partners in HIV and HCV transmission (through needle-sharing and/or unprotected sex) 36, 37, 38 and their influence on the transition from non-injecting to injecting drug use have been highlighted by the international literature. Irwin et al. 39 found that crack cocaine smokers who shifted to injecting were significantly more likely to have had an IDU partner. Similar findings were reported by Bravo et al. 40 among heroin addicts.
The finding that frequency of equipment sharing was higher at the first injection compared to current sharing habits corroborates international findings, that novice IDUs are frequently engaged in risky injecting behaviors 18, 31, 41 , many times under a chaotic and harmful drug-consuming pattern.
This study also emphasizes the critical role of sharing needles/syringes at the first drug injection in ongoing risky injection practices, as previously described by the international literature 18, 31 . Injection drug users who shared needles/syringes at the first injection were more likely to be currently engaged in both direct and indirect sharing, increasing the likelihood of blood-borne infections. This increased risk may explain why young injectors who began injecting with used syringe/needles were four times more likely to be HCV-positive (compared to those who used clean syringes). These findings reinforce the need to tailor prevention strategies to the specific needs of young/naïve drug users since their very first injection.
A decreasing prevalence of HCV infection has been observed among drug injectors in different contexts such as Spain 11 and the United States 12 . Declining HIV infection rates 22 and hepatitis B prevalence 13 were reported by companion papers documenting the findings of the present study and comparing it with previous studies in the same population. A substantially lower HCV prevalence (11% versus 69.6%) was found in the present study vis-à-vis a previous assessment of the same population in Rio de Janeiro in 1994-1997 9 . However, active IDUs assessed by the present study reported high frequencies of direct and indirect sharing practices, a favorable scenario for the transmission of different blood-borne pathogens 6, 22, 42, 43 and a clear warning that there is no room for lenience.
Reduction of overall injection frequencies observed in this study (compared to previous assessments) and the initiatives aimed at reducing drug-related harm implemented in Rio de Janeiro may be contributing to the observed decline. However, other factors may contribute to the observed decline, including saturation and changes in the drug-using scene, making interpretation of the current findings rather tentative 14 .
Among active IDUs, HCV infection was independently associated with prison history. Imprisonment is relatively common among drug users, due to the illegal nature of their drug-consuming habits and their involvement in other illegal activities (in part, to finance the habit), probably underreported in the present study due to the associated stigma. Besides additional parenteral risks such as tattooing 44 , access to clean syringes/needles (if available) is limited in jails and prisons, favoring sharing of injecting equipment and transmission of blood-borne pathogens 45 . Longer duration of injecting drug use was also identified as an independent predictor of HCV infection, due to the cumulative exposure to HCV and other 
Duration of IDU career (years)** 9.2 (8.9) * In the previous 6 months; ** Active IDUs (n = 272); *** No refusal for HCV testing; # Young IDUs (n = 292).
blood-borne pathogens, as previously found in Rio de Janeiro 9 , Australia 7 , and the United States 4, 15, 38, 45 . Altogether, our results highlight that ongoing prevention initiatives must be reinforced and expanded as part of a comprehensive set of strategies to reduce drug-related harm, comprising continuous health education, expansion of needle exchange programs, and specific initiatives to prevent transition/relapsing into harmful injection practices. In order to effectively curb HCV transmission in this population, preventive polices should be tailored to the specific needs of novice drug injectors beginning at their very first injection and to discourage the transition from non-injecting to self-injection of illicit drugs. Table 4 Bivariate associations between sharing of needles/syringes at first drug injection and current sharing practices and hepatitis C virus (HCV) infection among injection drug users (IDUs 
